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COST AND PERFORMANCE REPORT

ll EXECUTI VE  sUMVARY I

Thi s report presents cost and perf or mance
datafor alandtreatnent application of
contam nated soi |l at the Scott Lunber Com
pany Superfund site (Scott Lunber), |ocated
near Alton, Mssouri. From1973to 1985, this
conpany operated awod treating facility
that preservedrailroadties wth a creosote/
diesel fuel mxture. Asaresult of these
operations, soil at the sitewas contan nat ed
W t h pol ynucl ear aronati ¢ hydr ocar bons
(PAHs), whi ch were naj or conponents of the
creosot e/ di esel mixture used at Scott Lunber.

An Action Menorandumwas si gned on Jul y
10, 1987, whi ch specified the construction
and operation of aland treatnent unit (LTU
as arenoval actionfor treatnent of PAH
contamnated soil s at the site. Gontam nat ed
soi | was excavat ed and st ockpiled on site.
Land treat ment was perforned fromDecem
ber 1989 t hrough Sept enber 1991, and
approxi mat el y 15,960 tons of soil were
treatedinthe LTU The soil inthe LTUwas
cultivatedandirrigated on aweekly or bi-
weekl y basi s. Ammoni umphosphat e fertilizer
was addedtothefirst lift toadjust thenutri-

entsinthesoil. Nonutrient adjustnents were
nade to the second |ift. Ste denobilization
was conpl eted i n Sept enber 1991.

Actionlevel s established by BPAfor soil at the
site were 14 ny/ kg for benzo- a- pyr ene (BAP)
and 500 ng/ kg for total PAHs.

Land treatnent at the Scott Lunber site
reduced | evel s of both BAPand total PAHs to
bel owthe soil actionlevels. InLift 1, BAP
concentrati ons were reduced froml6to

8 ny/ kg, and total PAH concentrations were
reduced from560 t o 130 nmg/ kg. The nost
rapi d decreases intotal PAHconcentrations in
Lift 1occurredwthinthe first 6 weeks of
treatnent. InLift 2, concentrations were
reduced from23 to 10 ng/ kg for BAP and
from700 to 155 ng/ kg for total PAHs. The

| and treat nent systemwas operated for 6
nonths for Lift 1 and 3 nonths for Lift 2.

The total renoval action costs were approxi -
nat el y $4, 047, 000, i ncl udi ng appr oxi nat el y
$1,292,000 in costs incurred by theland
treatnent contractor.

Bl s TE 1 NFORMATI ON I

I dentifying I nformation

Treat ment Application

Scott Lunber Conpany Superfund Site
Aton, Mssouri

CERCLI S #: MOD068531003

Action Menorandum Date: 7/10/87

Background

Type of Action: Renoval Action

Treatability Study Associated with
Appl i cation? Yes (see Appendi x A

EPA SI TE Program Test Associated with
Appl i cation? No

Qperating Period: 12/89 - 9/91

Quantity of Soil Treated During Application:
15, 961 tons

H storical Activity That Generated Contam -
nation at the Site: O eosote wood treating

Correspondi ng SI C Code: 2491B
(Wod Preserving Wsi ng O esot €)

Wast e Managenment Practices That Contri b-
uted t o Cont am nati on: Surface | npound-
nent / Lagoon; Spil |
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Bls TE | NFORVATI ON (CONT. ) I

Site Hstory: The Scott Lunber Conpany
Superfund (Scott Lunber) siteis | ocated

w thin Gegon Gounty insouth-central M s-
souri, approxi nately one nil e east of the
town of Aiton, Mssouri, as showninHgure 1.
From1973 until 1985, Scott Lunber operated
awoodtreatingfacilitythat preservedrailroad
tieswthacreosote/diesel fuel mxture. Aplan
viewof thesiteis showninFgure 2. The
process consi sted of treating wod usi ng
several retort tanks. Vst e managenent
practices at the site included di schargi ng
creosot e cont ani nat ed sl udge gener at ed
during the wood treat nent process to an

unl i ned storage | agoon | ocated on site. In
addition, an estinated 300 or nore gal |l ons of
preservative were rel eased duri ng one spi | |
incident, and the direct di scharge of creosote
waste into the soi | was suspected. The creo-
sot e sl udge was cl assi fi ed as a KOO1-1i sted
waste by BPA [1]

Steinvestigations conducted by BPAI ndi cat ed
that the sitewas principal |y contaminated wth
pol ynucl ear aronati ¢ hydrocar bons ( PAHs),

*

/

Scott Lumber Co.

Superfund Site
Alton, Missouri

Fgurel Ste Location

whi ch are the maj or conponents of the
creosot e/ di esel mixture used in the wood
preserving operations. Mst of this contani-
nation was | ocat ed wi thi n or near the wood
treatnent areaof thesite. [1]
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Bl SITE | NFORVATION (CONT.) [

Thr ee phases of cl eanup activities were
conduct ed at Scott Lunber in responseto a
July 10, 1987 Acti on Menorandum Phase |
occurred in 1987 and i nvol ved t he decont am -
nati on and renoval of surface debris and
sludge at the site. Phase Il occurred fromJuly
t o Sept enber 1988 and i nvol ved t he excava-
tion and stockpil i ng of contaninat ed soi |
identifiedat thesite. Phaselll occurred from
1989 t 0 1991 and i nvol ved the on-site | and
treatnent of contamnated soil. [1] This report
focuses on Phase | 11 of the cl eanup activities.

Regul atory Gontext: Actionlevel s for the soil
at the site were established by BPA and
approved by t he Agency for Toxi ¢ Subst ances
and D sease Regi stry in 1987. The action

Site Logistics/Contacts

| evel s were 14 ngy/ kg f or benzo- a- pyr ene
(BAP) and 500 ng/ kg for total PAHs. [1, 2]

Total PAHs refer tothe 16 constituents |isted
in Appendi x Bof thisreport.

Rermedy Sel ection: Three met hods were
consi dered for renedi ati on of PAH cont ani -
nationat thesite: 1) excavati onand off-site
di sposal ; 2) encapsul ationwth on-site dis-
posal ; and 3) landtreatnent. n-site | and
treat ment was det ernmined t o be t he best
alternative because it was the nost cost -
effective nethod for pernanently el i mnating
theidentifiedcontamnants at thesite, andit
was an i nnovati ve treat nent technol ogy. [2, 4]

Si te Managenent: Fund Lead
Oversi ght: EPA

On- Scene Coordi nat or:

Bruce A Mrrison

US BEPA- Region?7

Ener gency Pl anni ng and Response Branch
25 Funst on Road

Kansas A ty, Kansas 66115

(913) 551-7755

Matri x Identification

Treat ment Syst em Vendor:

Qi stina Gsenti ni

Renedi at i on Technol ogi es, I nc. (ReTeQ
1001 S 24th Street W, Suite 105
I'1ings, Montana 59102

(406) 652-7481

B vATRI X DESCRI PTI ON I

Type of Matrix Processed Through the Treat ment System

Sl (exsitu)

Cont am nant Characterization

Primary Cont am nant G oup: Pol ynucl ear
Aronmat i ¢ Hydr ocar bons ( PAHs)

PAHs were found i n the water and sl udges of
the unlined storage | agoon and soi | at the site.
PAH concent rat i ons wer e neasured as hi gh as

0.326 ng/ kg i n | agoon wat er, 12,400 ng/ kg in
sl udge, and 63,000 ng/ kg insoils. [4]

Goncentrations for i ndividual PAHs in un-
treatedsoils, prior toexcavation, are shownin
Tabl e 1.

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office
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B VATRI X DESCRI PTION (conT.) [

Cont am nant Characterization (cont.)

Tabl e 1. Gontanmi nant Characteri zati on [ 4]

Soils

Average Range
PAH Constituent (mg/kg) (mg/kg)
Naphthalene 173 0.15 to 2,000
Acenaphthylene 43 0.34 to 440
Acenaphthene 780 0.051 to 7,500
Fluorene 893 0.47 to 10,000
Phenanthrene 1,700 0.48 to 31,000
Anthracene 163 0.45 to 14,000
Fluoranthene 836 0.31 to 17,000
Pyrene 755 0.19 to 13,000
Benzo(a)anthracene 243 0.23 to 4,300
Chrysene 262 0.61 to 4,900
Benzo(b)/(k)fluoranthene 236 0.62 to 3,200
Benzo(a)pyrene 130 0.74 to 1,600
Indeno(1,2,3-cd)pyrene 75 0.47 to 770
Dibenzo(a,h)anthracene 16 0.37 to 180
Benzo(ghi)perylene 90 0.35 to 830

Matri x Characteristics Affecting Treatnment Cost or Performance

The maj or natrix characteristics af fecting cost
or performance for this technol ogy and t he
val ues neasured for each are presentedin

Table 2. Aparticlesizedistributionof soils at
Scott Lunber, using US standard si eves, is
shown i n Tabl e 3.

Tabl e 2. Matrix Characteristics [9]

Parameter Value Measurement Method

Soll Classification Sand (Gravel and sand with

’ : - USDA
minor  silt fractions)

Clay Content and/or Particle Size

Distribution See below _
PH 6.8 10 8 _
il Capewiy Not available —

Table 3. Particle SzeDstribution[9]

Sieve No. % Finer
10 54.89
20 27.92
40 17.07
60 10.35
100 6.22
200 4.14
Pan 0.00

Site Geol ogy/ Strati graphy

RPF-044.pm5\0809-01.pm5

Uhconsol i dat ed soi | s near the ground surface
prinarily consist of acherty clay interspersed
w th dense clay. Chert is a bi ochenical rock
that consists of fibrous chal cedony, quartz,

andsilica Thetotal thickness of the unconsoli-
dated soi | s that overliethe area s porous
linestone is not known. [4]

U.S. ENVIRONMENTAL PROTECTION AGENCY
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Bl TREATMVENT SYSTEM DESCRI PTI ON I

Primary Treat ment Technol ogy
Type

Suppl ement al Treat ment Technol ogy
Types

Land Tr eat nent

None

Land Treatnent System Description and Operation

Gonstruction of thelandtreatnent unit at
Scott Lunber began in 1989 and i nvol ved t he
fdlowngactivities:

B Jtepreparation,

B nstructionof aclayliner intheland
treatnent area;

B onstruction of berns, run-on swal es,
noni toring wells, and | ysi neters
around the | and treat nent arega;

B Installationof asubsurface drai nage
systemintheland treatnent area;

B nstruction of awater retention
pond;

B Installationof anirrigationsystemfor
theland treat nent area;

B  Onstruction of afence around t he
| and treat nent area; and

B P acenent of contamnated soil in
theland treatnent area.

The l ocations of the | and treat nent area,
cont ani nat ed soi | stockpi | e area, and wat er
retenti on pond, as well as the subsurface
drai nage | ayout, are shown on H gure 3.

Stepreparationactivities included renovi ng
t hree bui | di ngs fromt he proposed | and
treatnent area and rel ocati ng sawdust and
scrap wood debris at thesiteprior to
regradi ng t he surface t opography. Wiile
regradi ng, a newarea of subsurface creo-
sot e- cont am nat ed soi |, approxi nat el y 100
feet indianeter, was di scovered near what
was once t he retenti on pond.

Approxi natel y 5,000 t ons of contam nat ed
soi | were excavated fromthi s area and
added to the stockpil e of soil to be

renedi ated. The area was backfilledwth
cleanfill naterid. [1,2]

Qnstructionof aclayliner inthelandtreat-
nent area i nvol ved t he conpaction of the top
1foot of in-situsoil andthe additionof a
conpact ed 2-foot clay | ayer. Thein-situand
fill claylayerstotaed3feet. Toinhibit fluid
perneabi lity wthinthe clay | ayers, the com
pact ed cl ay surface was broken up and

| oosened bet ween pl acenent of 6-inchlifts,
and soi | noi sture was mai nt ai ned at 1%t o 4%
greater than the opti numdet er mined by t he
Mbdi fi ed Proctor Test. Perineter berns were
constructed around the LTUt o0 t he same
specificationsastheclayliner. [1, 2]

An under dr ai n syst emwas const r uct ed above
the clay layer tocollect anddrainwater toa

retenti on pond. The systemconsi sted of a 9-
to 10-i nch thi ck sand | ayer contai ni ng a
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Figure 3. LTUat Scott Lunber [1]
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(ConT. ) I

Land Treat ment SystemDescription and Qperation (cont.)

dr ai nage pi pe net wor k consi sti ng of HDPE
perforated pi pe 1. 5inch thick by 12 i nches
w de wrapped i n a geotextil e menbrane. The
HDPE pi pe was connect ed t o 6-i nch header
pi pes pl aced withi nthe top 6 i nches of the
clay l'iner. These header pi pes were al so
perforated and drai ned to the retenti on pond.
Each header pi pe was surrounded by gravel
backfill and covered with a geotextil e nem
brane. F gure 3 shows t he subsurface drai nage
network withinthe LTU [1 and 2]

Aretention pond was constructedinthe
sout heast corner of the LTUto receive the
potential |y contam nated LTUrunof f wat er
col | ected by the underdrai n system It was
linedwthad40-ml| HDPEIliner that overlay a
3-i nch sand cushi on, and had a st or age
capacity of approximately 1 mllion gallons.
Wien t he capacity of the retention pond was
exceeded duri ng rai ny periods, excess wat er
was di scharged to t he Al t on Vést ewat er
Treatnent A ant | ocated adj acent tothe site.

(2

A2- to4-inchlayer of topsoil was pl aced on
top of the underdrai nlayer to guard agai nst
tilling danmage and t o decr ease t he | eachi ng
potentia of contamnated soil. Across section
of the LTU show ng the | ocation and t hi ckness
of individua soil layers, ispresentedin
Fgued [2]

LTU Operation

Gont ani nat ed soi | fromt he st ockpi | e area was
placedinthe LTUin21ifts. Thefirst lift was

pl aced into the treat ment area i n Decenber
1989, and treatment occurred fromMy to
Novenber 1990 (6 nonths). This lift con-
sisted of approxi nately 9,000 tons of soil and
averaged 9 i nches i n t hi ckness. The renai ni ng
stockpi | ed soi | was pl aced onthe LTUin
Decenber 1990 and May 1991, and treat -
nent of the second lift occurred fromMy to
August 1991 (3 nont hs). The second |ift

consi sted of approxi nately 7,000 tons of soil
and averaged 7 i nches i n t hi ckness. [1 and 2]

Ater thefirst lift of soil wasplacedinthe
treatnent area, aportableirrigationsystem
was installed. Theirrigation systemconsisted
of a 4-inch al umi numpi pe pl aced al ong t he
base of the sout hern LTU berm Véter was
punped fromthe retention pond, through this
line, toanovingwheel latera line. Thelatera
linewas manual 'y rol | ed east to west at 40-
foot interval s al ong t he sout her n ber mpi pe,
and water was distributed to the LTUfromthe
lateral |inethroughinpul se sprinkler heads
spaced every 40 feet. During the summer
nont hs, the LTUwas irri gat ed approxi mat el y
once aveek. [2] Theirrigationactivitiesfor
thefirst lift beganduringthe first week of June
1990, and for the second l'ift during the third
week of May 1991. [ g]

Contaminated Soil to be Treated

Zone of Incorporation (Topsoil) 2 to 4 inches

Sand Layer
(Including Underdrain Pipe Network) 10 inches

Compacted Clay Liner
2 feet

In-situ Compacted Clay Liner
1 foot

Figure 4. LTUQ o0ss Section [2]
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B TREATMENT SYSTEM DESCRI PTION (CONT.)

Land Treat ment SystemDescription and Qperation (cont.)

Fol | owi ng pl acenent of eachlift inthe LTY

| ar ge rocks and debri s were renmoved fromt he
contamnated soi |, utilizinganalternating
series of cultivatingandrock and debris
collectingactivities. Qltivationbroke upthe
soi | and brought rocks, wood, and ot her
debris tothe surface, where they were col -
lected with atractor-nount ed Ander son Rock
Fi cker. The rocks and debri s col | ect ed t hat
were greater than 3inches inlength were

pl aced i n a desi gnat ed st ockpi | i ng area for
segregati on and decont aninati on. [2] The
tillingactivitiesfor thefirst lift beganduring
the first week of June 1990, and for the
second lift duringthe thirdweek of My 1991.

(4

Treatability study resultsindicatedthat suffi-
ci ent i ndi genous nicroor gani sns exi sted in
thesoil at thissiteto support bi odegradati on.

(4

Appr oxi mat el y 200 pounds per acre of

granul ar, ammoni umphosphate fertilizer was
appliedtothefirst lift toobtainaratioof soil
organi ¢ content to nitrogen to phosphorus of
100: 2: 0. 4. No nutrient adjustnents were
necessary for the second lift. [2]

Eachlift was cultivatedto aidthe aerobic

bi orenedi ati on process. The soil was cul ti-

vat ed usi ng farmequi pnent (chi sel plow tiller,
or subsoi | ripper) for specific soil conditions.
For exanpl e, the subsoi |l ripper was used to
break up thi ck, conpacted, silty clays, andthe
chi sel pl owwas used for routine soil cultiva-
tion. Eachlift was cul tivated approxi natel y
once a week whi | e rock and debri s renoval
was occurring, and tw ce a week when no rock
and debri s renoval took pl ace. [2]

Soi | sanpl es col | ected i n Gt ober 1990
indicated that total PAHconcentrations were
appr oxi mat el y 130 ng/ kg and BAP concent r a-

tions were approxi mately 8 ng/ kg and treat -
nent of Lift #1 was conpl ete. Treat nent of
Lift #2 was conpl eted i n August 1991, and
final concentrations were reportedto be 155
ny/ kg for total PAHand 10 ny/ kg for BAP. Ste
cl osure was conpl et ed i n t he aut um of

1991; activities includedthe disposal of debris
at the Butler Qunty landfill, regradi ng por-
tions of thesite, seedingandfertilizingthe
site, and denobilizingofficetrailers and

equi pnent. [1]

Heal th and safety requi renents for this
operation i ncl uded conpl i ance with the
permssi bl e exposure limt for PAHs set by the
Qccupat i onal Safety and Heal th Admini stra-
tion

G oundwat er Mbonitoring

Q oundwat er noni tori ng was conduct ed

t hr oughout operation of the LTU The ground-
wat er nmoni toring programwas conducted to
detect any mgration of PAHs fromthe LTUto
t he groundwat er. Four shal | ow gr oundwat er
noni tori ng wel | s screened bet ween 30 and 35
feet bel owground surface wereinstalledin
each corner of the LTU Two deep nonitoring
wel | s screened bet ween 95 and 100 feet

bel owground surface wereinstalledinthe
nort hwest (upgradi ent) and sout heast (down-
gradient) corners of thesite. Shall owwel I s
wer e based on the depth to t he groundwat er,
whi | e deep wel I s wer e based on dept hs of
nearby private wel | s. [ 8]

Bef or e pl acenent of the conpacted 2-f oot
clay | ayer, four groundwater |ysineters were
install ed i nside the perineter berns to noni -
tor contamnant migration through the cl ay
liner. To mini mze the devel opnent of a
mgrationroute, thelysi neter col | ectiontubes
verelateral ly trenched tol ocations outsi de
the LTU [2]

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
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B TREATMENT SYSTEM DESCRI PTION (CONT.)

Operating Paraneters Affecting Treatment Cost or Performance [1, 2]

The n@j or operating paraneters af fecting cost or perfornance for this technol ogy and t he
val ues neasured for each duringthis treatnent applicationarelistedin Tabl e 4.

Tabl e 4. Qperating Paraneters [1,2, 9]

Measurement
Parameter Value Method
Mixing  Rate/Frequency Once a week during rock removal, twice a week
otherwise
Moisture  Content 10 to 207%
pH 68 to 8
Residence Time (for Lift #1 — 6 months
treatment) Lift #2 — 3 months
Temperature No data available
. 72 mg/kg/mo. for Lift #1
Hydrocarbon  Degradation 182 mgg//kgg//mo. for Lift##B Calculated
Nutrients and Other Soil Soil organic content:nitrogen;phosphorus Not known
Amendments adjusted to 100:2:04 for Lift #1
No nutrient adjustment for Lift #2

Timeline [1,2,6]

Thetinelinefor thisapplicationis presentedin Tabl e 5.

Table 5. Tineline[1,2,6]

RPF-044.pm5\0809-01.pm5

August 1987

July 1988

1989

December 1989

May 1990

December 1990
May 1991

May 1991

September 1991

November 1987

September 1988

1991

November 1990

August 1991

Start Date End Date Activity
1973 1985 Scott Lumber Co. operated
July 10, 1987 — Action Memorandum signed

Phase | of removal action - decontamination and removal of surface
debris

Phase Il of removal action - excavation and stockpiling of contaminated
soil

Phase Il of removal action - land treatment of contaminated soil
First lift - soil placed in LTU

Treatment process (filling, rock removal/washing, nutrient adjustment,
irrigation) of first lift

Second lift - first load placed in LTU
Second lift - second load placed in LTU
Treatment process (no nutrient adjustment) of second lift

Site demobilization complete

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office
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Bl TREATMENT SYSTEM PERFORMANCE I

Cl eanup Goal s/ St andar ds

Actionlevelsfor thesoil at thesitewere
est abl i shed by BPA The action | evel s were
14 ny/ kg f or benzo- a- pyrene (BAP) and

Addi tional | nformation on Goal s

500 ny/ kg for total PAHs. [1and 2] Total
PAHs refers tothe 16 PAHconstituents |isted
inAppendix Btothisreport.

Actionlevelsfor soil at the site were based on
MQ anahan’ s rel ati ve carci nogeni c ri sk of BAP
conpared to 2, 3, 7, 8-tetrachl or odi benzo- p-
dioxin, aswell as actionlevel s previously

Treat nent Performance Data

approved by t he Agency for Toxi ¢ Subst ances
and O sease Regi stry for cl eanup of soil at
simlar sites. [2]

Bet ween April and Novenber 1990, EPA

col | ected soi | sanpl es froma 5, 000- squar e
foot subpl ot wthin Sanpling Area F shown on
FH gure 5. Thi s subpl ot neasured 50 feet north/
sout h by 100 feet east/west and was | ocat ed
on the east side of Sanpling Acea F. Three
50-m al i quot sanpl es were col | ect ed every
two weeks during treatnent of thefirst lift
fromquadrant s north, south, and east.

These sanpl es were anal yzed for total PAHs
by GQJ M5 anal yti cal Met hod 3230. 2A, an
EPA Regi on 7 nodi fi cati on of a QP anal yti -
cal nethod for extraction and anal ysi s of

wat er and sol i ds for senivol atil e organi c
conpounds. [7] Sanpl es were col | ected

w thin Sanpl i ng Area F because it was
conveni ent|y | ocat ed near the decont am na-
tion and of fi ce areas, was out of the way of
nost facility operations, and the narker

fl ags pl aced wi t hi n t he subpl ot coul d be
lined up with pernanent nmarkers onthe

adj oi ning berm [2 and 5]

The i ndi vi dual PAHanal ytical results by

sanpl e date for Lift #1 are presented in
Appendi x B by subpl ot | ocation. Average
concentrations were cal cul ated for each PAH
constituent neasured inthe three Subpl ot F
guadr ants, as shown i n Appendi x B, by

sanpl e date. Total PAHs were cal cul ated for
each sanpl e dat e by summi ng t he anal yti cal
results for all 16 PAHconstituents shownin
Appendi x B. The averages of thetotal PAH
concentrations were cal cul at ed and pl ot t el
agai nst each sanpl e date, as showninF gdgé

6, and aver age BAP concentrati ons were
pl otted agai nst each sanpl e date, as shownin
Fgue?7.

DECONTAMINATION

RCCK WASHING
EREA

©

22,00G 5. FT.

O )
22,500 SQ. fT. 1 22,500 SQ. fT. | 23,250 SQ. FT.

EMERGENC'Y-
OQVERFLOW

SCALE: 1"=100"

Sanpl i ng Locati ons [1]
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Il TREATMENT SYSTEM PERFORMVANCE (CONT.) I

Treat ment Performance Data (cont.)

InLift #2, concentrations were reduced from PAHconcentrations for Lift #2 were col | ect ed
23 to0 10 my/ kg for BAP and from700 to in My 1991. [1]
155 ny/ kg for total PAH Initial BAPand total

600 e

5505
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400+

3504

300
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200+

Average Concentration (mg/kg)
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04/19/90 05/31/90 06/28/90 07/26/90 08/23/90 09/20/90 10/ 1I8/90
06/14/90 07/12/90 08/09/90 09/06/90 10/05/90
Sample Date

NOTE: Treatment began in May 1990.

Figure 6. Total PAH Concentrations During Treatnent of Lift No. 1 (based on Appendi x B)
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Sample Date

NOTE: Treatment began in May 1990.

Figure 7. BAP Goncentrations During Treatnent of Lift No. 1 (based on Appendi x B)
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Il TREATMENT SYSTEM PERFORMVANCE (CONT.) I

Q oundwat er nonitori ng was conduct ed on a
quarterly basis during operation of the LTU No
dataare avail able onthe resul ts of groundwa-
ter nonitoring.

Duringinitia soil |oadingand LTUsystem
start-up, air nonitoring of PAHs was con-

Performance Data Assessnent

duct ed usi ng N C8H Met hod 5515. G lian
punp noni tors pl aced on equi pnent used
during the cul tivating and | oadi ng operati ons
det ect ed ai rbor ne PAHs at concentrati ons as
hi gh as 6. 8 pg/ n? duri ng an 8- hour sanpl i ng
period. [2]

Areviewof anal ytical datafor treatnent of
soil inSubplot Fof Lift No. 1indicatedthat
average total PAHconcentrati ons decr eased
from560 to approxi mately 130 ng/ kg within
6 nont hs of treatnent, and t he aver age BAP
concentration decreased from16 t o approxi -
nmately 8 ng/kginthe sanetine frame. A
rapi d decrease i n average total PAHand BAP
concentrations occurredwthinthe first six
weeks of the treatnent, when the average
total PAHconcentration decreased from
approxi natel y 560 t o 190 ng/ kg, and t he
aver age BAP concentrati on decreased from
approxi mately 20 to 12 ng/ kg. The action
level for total PAHwas reached after a few
days of treatnent, and, for BAP, wthinthe first
6 weeks of treatnent.

Performance Data Conpl et eness

Areviewof the anal ytical datafor a3-ring
PAH ( phenant hrene) shows a reduction from
65to 5 my/ kg (92% over a 6-month tine
frame, while datafor a5-ring PAH
(indeno(1, 2, 3-cd) pyrene) shows a reducti on
from19 to 6 ny/ kg (68% over the sane
period. These dat a showthat bi odegradation
isfaster for PAHconstituents wth fewer
benzene rings (inthis case, biodegradation for
phenant hr ene was faster than for

i ndeno( 1, 2, 3-cd) pyrene).

Areviewof air nonitoring data for PAHs

i ndi cated that t he maxi numconcentrati on
neasur ed was | ess t han t he perm ssi bl e
exposure limt set by the Gccupati onal Saf ety
and Heal th Admini stration.

Soi | sanpl es were col | ected duri ng treat nent
of asmall areathat represented slightly
greater than 1%of thetotal LTUarea.

Subpl ot F was sanpl ed on a 2-week basi s
duringtreatnent of thefirst lift tononitor
treatnent perfornance. SoilsinLift No. 1
wer e assumed t o be honogeneous wit h
respect to PAHconcentrations. Subpl ot Fwas

Performance Data Quality

sel ected for sanpl i ng because of ease of
accessi bility, proximty tothe decontamnation
area, andthe ability toleave narker fl ags on

t he subpl ot .

st i tuent -speci fic anal ytical datafor the
16 PAHs of interest duringthis cleanup are
onlyavailablefor treatnent of thefirst lift.

RPF-044.pm5\0809-01.pm5

Labor at ory anal yti cal data are acconpani ed
by statenents certifyingthat the data have
net al | quality assurance requirenents unl ess

B TREATMENT SysTEM cosT I

Procurenment Process

ot herw se i ndi cated i n t he dat a packages. Dupli -
cat e sanpl es were col | ect ed fromeach quadr ant
and are i ncl uded i n each dat a package. [ 6]

The renoval activities at Scott Lunber were
fi nanced by EPA EPA contract ed Renedi ati on

Technol ogi es, Inc. toconduct thelandtreat-
nent activitiesat thesite [1]

U.S. ENVIRONMENTAL PROTECTION AGENCY
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Il TREATMENT SYSTEM cosT (conT. ) I

Treat nent System Cost [1]

Total renoval action costs at Scott Luniber
wer e appr oxi mat el y $4, 047, 000. Because
littleinfornmati onwas provi ded onthe specific
el enents i ncl uded i n these costs, a break-
down of these costs intothe el enents of an

i nt eragency Wr k Breakdown St ructure (VBS)
was not conpl eted at this tine. Actual costs
for treatnent activities (i.e., thoseincurred by
the land treatnent contractor) are shown

bel ow by year:

1989 ... . ...l $690, 000
1990 . ... .. ...l $352, 000
1991 ... ...l $250, 000
TOTAL............... $1, 292, 000

Cost Data Quality

The $1,292,000 intotal costs for treatnent
activities corresponds to approxi nat el y
$81/ton of soil treated, for the 15, 961 t ons of
soil treatedinthis application.

Additional costs at Scott Lunber werein-
curred by the ERCS contract or ($1, 666, 000) ;
TAT ($207,000); EPAD rect ($187,000); EPA

I ndirect ($395,000); |aboratory anal yses - A_P
($254, 000) ; and ERT/ ERU ($46, 000) .

Vendor | nput

Total cost infornationwas provided by the
EPA On- Scene Goor di nator (G8Q) for this
proj ect, andincl udes cost for severa activi-
ties. The specific cost el enents incl udedin
each activity arenot availableat thistine.

Qosts for simlar operations were esti nat ed by
the treatnent vendor to range from$50 to
$100 per cubic yard of soil treatedfor quanti-
tiesinexcess of 3,000 cubic yards.[21]

Il OBSERVATI ONS AND LESSONS LEARNED S

Cost (bservations and Lessons Lear ned

B Total renoval action costs were
approxi mat el y $4, 047, 000, i ncl udi ng
approxi natel y $1, 292, 000 i n cost s
incurred by the | and treat nent con-
trectar.

B The di scovery during construction of
the LTUand resul ti ng excavati on and
treat nent of an additional 5,000 tons
of contaninated soi | added appr oxi -
mat el y $65, 000 to t he cont r act or
costs and del ayed t he constructi on of
t he LTU by one nont h.

B The GCindicated that contract
expendi t ures were nini nzed duri ng
thi s renedi ati on because t he ERCS
contractor proj ect nanager was not
requiredto be present onsite during
routi ne bi orenedi ation activities.

B The (Cidentifiedcal culating vol -
une, rather than nass, as apreferred
net hod to quanti fy t he amount of soi l
tobetreatedinthe LTU Vi ghing
t ruckl oads of soil was nore costly
t han surveyi ng soi | st ockpi | es or usi ng
overflights to deternine vol une.

B Thetreatnment at Scott Lunber was
conpl eted using 2 lifts; the system
was constructed using a clay |iner and
under dr ai n syst em

U.S. ENVIRONMENTAL PROTECTION AGENCY
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Technology Innovation Office
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Il OBSERVATI ONS AND LESSONS LEARNED (conT.) I

Per f ormance QObservati ons and Lessons Lear ned

O her

B  The cleanup goal for total PAHs at
Scott Lunber was established interns
of the sumof the concentrations for
16 speci fi ¢ pol ynucl ear aronatic
hydr ocar bons. d eanup goal s for this
appl i cation were speci fi ed as 500 ngy/
kg for total PAHs and 14 ny/ kg for
benzo(a) pyrene, one of the 16 speci -
fied PAH.

B The cl eanup goal s wer e achi eved
within6 nonths for Lift #1 and
3nonths for Lift #2.

Observati ons and Lessons Lear ned

B landtreatnent at the Scott Lunber
site reduced total PAHconcentrati ons
from560 to 130 ny/ kg, and BAP from
16to8ny kg, inLift #1. InLift #2
concentrations were reduced from
700 to 155 ng/ kg for total PAHand
from23 to 10 ng/ kg for BAP.

B The nost rapi d decreases i n PAH
concentrationsinLift 1 occurred
wthinthefirst 6 weeks of treatnent.

Il rREFERENCES I
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Publ i cations and | nf ornati on (NCE ),
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45242; (fax orders only -
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Il REFERENCES (CONT. ) I

8 Menorandum Response to I nformation 10. Procuring | nnovat i ve Treat nent Technol o-

Féqu_est for ?‘cott Lunber Ste, Bruce gies at Renoval Stes: Regional Experi -

MrrisontolindaFeder, US EPA ences and Process | nprovenents, U S.
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Anal ysi s Preparation

Thi s case study was prepared for the US Environnental Protection Agency's Gficeof Solid
Vst e and Ener gency Response, Technol ogy | nnovation ifice. Assi stance was provi ded by
Radi an Cor porati on under EPA Contract No. 68- V8- 0001.
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I APPENDI X A—TREATABI LI TY STUuDY RESULTS

Site ldentifying I nfornation

Site Nane: Scott Lunber Conpany
Stelocation: Aton, Mssouri

CERCLI S #: MOD068531003

Act i on Menor andum Dat e: 7/ 10/ 87

Treatability Study Strategy

Type of Treatability Study
Labor at or y/ Deno- Scal e of Soi | B orenedi ati on

The purpose of thistreatability study was to
assess thefeasibility of bi orenediationfor

creosot e-cont aninat ed soi | by: (a) grow ng a
microbi al cul ture capabl e of degradi ng PAHs;
(b) denonstratingthat the site soil was not

toxi c tothe mcrobes; and (¢) eval uating t he
rel ative bi odegradability of PAHconstituents.

Three test runs were conpl eted during this
study. The overal | phil osophy of conducting
the t hree runs was t o neasur e syst emperf or -
nance under differing conditions of soil and
creosot e | oadi ngs and r el oadi ngs. As shown in
Table 1, RunNo. 1receivedaninitial creosote
| oadi ng of 1%and no addi ti onal | oadi ngs. The
pur pose of this runwas to observe the bio-
degradati on of PAHconstituents w th no soil

present. Inaddition, after nicrobes werekilled
(Veéek 4), Run No. 1 was used as a control run
to assess the potential for PAHrenoval by
processes ot her than bi odegradati on. Run No.
2receivedaninitial creosote | oadi ng of 0.5%
and t hen was rel oaded w t h 0. 5%cr eosot e at
2 and 4 weeks. The purpose of this runwas to
i nvestigate the potential enhancenent of

bi odegradat i on of hi gher - nol ecul ar - wei ght
PAHs by the addition of nore easily degraded,
| ower - nol ecul ar-wei ght PAHs. Run No. 3
recei ved t he sane creosot e | oadi ngs as Run
No. 2 but was al so | oaded and r el oaded (at
tines of creosote | oadi ng) wth 10%cl ean soi | .
The purpose of thisrunwas toinvestigatethe
potential inhibitionof bi odegradati on dueto
possiblesoil toxicity. [4]

Tabl e A-1. Schedul e for Loadi ngs and Rel oadi ngs Used in Treatability Sudy [4]

Creosote and Soil Loading (%)*
Week Run #1 Run #2 Run #3
1% creosote 0.5% creosote 0.5% creosote
0 (start) . . .
0% soil 0% soil 10% soil
1 No loading No loading No loading
. . 0.5% creosote
2 No loading 0.5% creosote reloading 0. .
10% soil reloading
& No loading No loading No loading
. ) . 0.5% creosote reloading 10%
4 Microbes  killed 0.5% creosote reloading ° . I 9 ’
soil  reloading
5 0.5% creosote loading No loading No loading
6 Run  terminated Run  terminated Run  terminated

*A'l | oadings are in wei ght/vol une per cent ages.

Treat nent SystemDescription

Bi orenedi ati on System

Description and Operation

The bi or enedi at i on syst emconsi st ed of three
aqueous bi oreact ors and rel at ed equi pnent .
The bi oreactors used were 10-20 liter

pl exi gl ass vessel s, whi ch were aerat ed and

m xed usi ng humdified air. The three

bi oreact ors were pl aced i n a wal k-i n envi ron-
nent al chanber whi ch was kept at a const ant
tenperat ure of 30°C [4]
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN

Treat nent SystemDescription (cont.)

RPF-044.pm5\0809-01.pm5

Mcrobial cultures usedinthis study were
grown usi ng sl udge fromt he site and a near by
publicly owned treat nent works (POTVY.

Syst emoper ati on i nvol ved | oadi ng t he

bi oreactors w t h an aqueous sl urry of cl ean
soil fromthesite, creosote, inorganic nutri-
ents, and mcrobia cultures. Thethree

bi oreactors were | oaded and rel oaded wi th
varying quantities of soil and creosote.
oreactors were naintained at apHof 7.0

Treat ment Performance Results

using sul furic acid, and operated for approxi -
nat el y 6 weeks. [4]

Procurement Process

Ecol ogy & Environnent, | nc. was tasked by
BEPA Regi on M| t hrough a Techni cal Assi st ance
Team(TAT) Zone |1 contract to performthe
treatability study as a Techni cal Assi stance
Proj ect (TDD No. TPM 8801-001) .

Treat ment Performance Data

Treat nent perf or nance data were col | ect ed
for oxygen upt ake rate, PAHconstituent
content, solids content, and organi ¢ car bon
content. Oxygen upt ake was measured to
indicatencrobia activitylevels. Mcrobial
respiration was the only nechani smf or
consunm ng di ssol ved oxygen i n t he

bi oreact ors. Agas chromat ogr aph coupl ed
w th flane-ioni zati on det ect or ( BPA Met hod
610) was used to nmeasure t he concentrati ons
of PAHconstituents. Solids content was

anal yzed by neasuri ng t he concent rati ons of
di ssol ved sol i ds (D5 and vol ati | e suspended
solids (VSS). D5 neasurenents indicatedthe
anount of inorgani c nutrients and creosot e
present inthe bioreactors, and VSS neasur e-
nent s were used as a rough estimate of the
microbial community size. Results from
organi ¢ car bon anal yses vi el ded val ues for
bot h sol ubl e organi ¢ carbon (SO0 and total
organi ¢ carbon (TQC) . These neasurenent s
i ndi cat ed t he anount s of di ssol ved and t ot al
creosote, respectively, ineach bioreactor.
Sanpl es for each of these paraneters were
col I ected fromt he bi oreact ors by di ppi ng a
beaker intothe sol utionandcollectingliquid
free of froth and organi c sheen.

Dat a on t he oxygen upt ake rate for the 3 runs,
asafunctionof tine, are presentedin

Tabl e 2. Data onthe concentrations for both

i ndividual andtotal PAHconstituents for the 3
runs, as afunctionof tine, are presentedin
Tabl e 3. The DS, VSS, SOC, and TQC concen-
trations for the 3runs, as afunction of tine,
are presentedin Hgures 1-4, respectively
[note - B oreactor 1 shown on the figures

corresponds wth Run No. 1, B oreactor 2w th
Run No. 2, and B oreactor 3w th Run No. 3].

(4

Performance Data Assessnent

The oxygen upt ake data i ndi cate that a
microbi al cul ture capabl e of degradi ng PAHs
was grown during this study. Oxygen was
activel y consuned i n each of the bi oreactors,
and rat es of oxygen consunpti on i ncr eased
significantly after rel oadings i nresponse to
substrate addi ti on. Run Nbs. 2 and 3, which
ver e rel oaded during t he run, experienced the
great est i ncreases i n oxygen consunpt i on
rates. S nce creosote was the only organi c
substrat e present and no physi cal or chem cal
nechani smwas i dentified for oxygen con-
sunption, the uptake of oxygeninthe

bi oreactors was attri buted t o bi odegradati on
of PAHs. VSSresul ts showthat the size of the
microbi al communi ty (bi omass) i ncreased
over the course of the study i n proportionto
creosot e rel oadi ng, indicatingthat anicrobial
communi ty capabl e of degradi ng PAHs had
been est abl i shed.

In addi tion, the oxygen uptake data, whi ch
showed conparabl e resul ts for Run No. 3
(whi ch i ncl uded | oadi ng and r el oadi ngs w th
10%soil) as for Run Nos. 1 and 2, indicate
that site soils werenot toxictothe nicrobial
communi ty.

However, wth respect to the bi odegradation
of PAHs, theresults of thetreatability study
didnot establishtherel ative bi odegradability
of PAHconstituents. PAHanal ytical data from
the 3runs are not consistent withdatafor the
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN

Treat ment Perfornmance Results (cont.)

Tabl e A-2. Oxygen Wpt ake Rate (ng/ L/ mn) [4]

Day Run No. 1 Run No. 2 Run No. 3 Loadings
9 0.078 0.067 0.178 Creosote loaded in all 3 runs on Day 1

Creosote loaded in Run Nos. 2 and 3 on Day

s G oz iz 14; also, soil loaded in Run No. 3 on Day 14

19 0.049 0.202 0.218 Iils additional loadings between Days 15 and
creosot e | oadi ngs and r el oadi ngs. For ex- culturesinthis study, andthat bi orenedi ation
anpl e, Run Nb. 1 (the 1%creosot e | oaded on appears to be feasi bl e for creosot e- cont ai ni ng
Day 0, contai ni ng 90%PAHs) cor r esponds soilsat Scott Lunier.

w th an expect ed PAH concentrati on of 9, 000
ng/ L, while only 855 ng/L of PAHs were
neasur ed. However, the data i ndi cate that
PAHs ar e bi odegr aded usi ng t he nicrobi al

Performance Data Quality
The PAH anal yses i ncl uded nat ri x spi ke t est
quality contral efforts. [4]

Tabl e A-3. PAH Data [ 4]

PAH Concentrations  (mg/L)
Benzo(b) Benzo(k)-
Days/ Acenaph- Fluoran- Naphtha- Benzo(a)- Benzo(a)- fluoran- fluoran- Anthra- Phenan-
Comment thene thene lene anthracene pyrene thene thene Chrysene cene Fluorene threne Pyrene TOTAL
Run No. 1
0 65 134 228 33 13 12 14 24 21 55! 164 92 855
7 11 53 BDL 13 BDL BDL BDL 9 8 13 50 36 193
14 BDL 65 BDL 16 BDL BDL BDL 12 BDL BDL 6 48 147
21 BDL 75 BDL 18 BDL BDL BDL 13 BDL BDL BDL 56 162
26 BDL 36 BDL 9 BDL BDL BDL 10 BDL BDL BDL 32 87
Control Run
Before BDL 20 BDL 6 BDL BDL BDL BDL BDL BDL BDL 18 44
5 min 7 49 34 14 BDL BDL BDL 11 22 6 20 41 204
15 min BDL 38 30 11 BDL BDL BDL BDL BDL BDL 10 33 122
30 min 7 63 35 19 BDL BDL BDL 13 BDL 5 13 53 208
1 hour 8 63 37 19 BDL BDL BDL 14 BDL 6 16 53 216
6 hour 9 48 29 20 BDL BDL BDL 15 BDL 8 22 43 194
6 hour dup. 7 41 25! 17 BDL BDL BDL 12 BDL 6 19 36 162
Run No. 2
0 75! 322 208 80 33 30 33 62 35 65 192 234 1,369
7 19 173 BDL 40 16 14 17 29 19 19 87 120 553
14 before BDL 167 BDL 45 20 18 20 34 BDL BDL BDL 118 442
14 after 15 134 79 33 14 12 14 23 11 26 BDL 93 454
26 before 6 130 BDL 31 16 13 16 34 BDL BDL 6 94 346
26 after 19 131 100 28 13 11 14 27 BDL 13 31 95 482
39 18 288 BDL 63 20 26 27 67 BDL BDL 31 246 794
39 froth 13 229 BDL 51 23 21 24 53 BDL BDL 20 189 623
Key:

before: Before creosot e rel oadi ng.
dter:  After creosote rel oadi ng.
dup.: Duplicate anal ysis of previous sanpl e.
frath:  Anal ysi s of froth above bi oreact or medi um
BOL: Bel owthe detectionlimt (detectionlinit ranged from5 to 20 ppm dependi ng on PAH constituent).
*Sanpl e extraction difficulties.
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN

Tabl e A-3 (cont.). PAHData [4]

PAH  Concentrations  (mg/L)
Benzo(b) Benzo(k)-
Days/ Acenaph- Fluoran- Naphtha- Benzo(a)- Benzo(a)- fluoran- fluoran- Anthra- Phenan-
Comment thene thene lene anthracene pyrene thene thene Chrysene cene Fluorene threne Pyrene TOTAL
Run No. 3
0 510 1,020 1,910 269 105 94 109 224 BDL 467 1,610 706 7,024
7 8 262 67 30 28 30 56 BDL BDL BDL BDL 193 674
14 before BDL 100 BDL 39 23 22 24 43 BDL BDL BDL 146 397
14 after 35 172 163 64 36 35 36 65 16 30 101 217 970
14 dup. 30 135 157 40 22 20 22 41 13 26 82 164 588
26 before BDL 113 BDL 23 14 12 16 33 BDL BDL BDL 113 324
26 after 19 131 100 28 13 11 14 27 BDL 13 31 95 482
39 * * * * * * * * * * * 137 137
39 dup. * * * * * * * * * * * 146 146
39 froth * * * * * * * * * * * 129 129
Key:
before:  Before creosote rel oadi ng.
dter:  After creosote rel oadi ng.
dup.: Duplicate anal ysis of previous sanpl e.
frath:  Anal ysi s of froth above bi oreact or medi um

BOL: Bel owthe detectionlimt (detectionlinit ranged from5 to 20 ppm dependi ng on PAH constituent).
*Sanpl e extraction difficulties.

Observati ons and Lessons Lear ned

Per f ormance Observations and Lessons B The treat nent vendor indi cated t hat
Lear ned results for D5, SOC and TAC anal yses
) ) wer e i nconcl usi ve with respect to
[ | Amlcrob| al culture capabl e qf degr ad- nicrobia activityinthe3 runs.
i ng PAHs was grown during thi s study,
as shown by dat a for oxygen upt ake Ot her Cbservations and Lessons Learned
rate and VSS. .
B This technol ogy was sel ected as the
B Soilsfromthe Scott Lunber site were full -scal e renedy and successful |y
shown t o be not toxic to the mcrobial i npl ement ed at the Scott Lunber
comuni ty. Gonpany site. Thefull-scaletreat-
_ o ) nent application net the established
B Wilethetreatability study did not

. . ) o cleanup | evel s.
establishthe rel ative bi odegradability

of PAHconstituents, the study
showed t hat PAHs ar e bi odegr aded
usingthenicrobia culturesinthis
study and t hat bi orenedi ati on ap-
pears feasi bl e for creosot e-cont ai ni ng
soilsat Scott Lunfer.
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Fgure A 1. Dssolved Solids Data [4]

0O SOREACTOR Y
4+ GIOREACTOR 2
Q BIOREACTOR 3

Figure A2. Vol atile Suspended Sol i ds Data [ 4]
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Figure A-3. Sol ubl e O gani c Carbon Data [ 4]
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Figure A-4. Total O ganic Carbon Data [ 4]
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B APPENDI X B—PAH ANALYTI CAL RESULTS FOR LIFT ONE (conT.)

Results for Lift One (Continued)
(ug/ kg)

PAH Anal yti cal
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Noti ce

Preparation of this report has been funded whol Iy or inpart by the US Environnental Protec-
ti on Agency under ontract Nunber 68-VB-0001. It has been subj ect to adm nistrative revi ew
by BEPA headquarters and Regi onal staff and by t he t echnol ogy vendor. Mention of trade nanes
for comrmercial products does not constitute endorsenent or recomrendation for use.
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